Curricula related to sustainability and climate science are being integrated into academic science courses and programs. We set out to assess the knowledge of some of these environmental concepts among a group of Deaf/Hard-of-Hearing (D/d/HH) postsecondary students. A survey that attempted to gauge student understanding and perceptions of climate science was developed, administered to D/d/HH and hearing college students, and analyzed. Preliminary results showed that there could be some gaps in related knowledge among the D/d/HH group. Rasch analysis was then used to assess the quality of the survey for the intended outcomes and improved iterations of the survey were developed and further evaluated for use with D/d/HH students. Through this work, we found that it is important to examine the language contained in the designed instrument in order to assess the true understanding of D/d/HH students (and most likely, other English Language Learners). This study could inform the development of interventions and curricular changes for D/d/HH students related to climate science topics.
INTRODUCTION
A current trend in higher education is to integrate concepts of sustainability, systems-thinking, and operating "green" into the curriculum and campus functions. One goal of this movement is to educate the general student to be an environment-literate citizen, while another is to train future scientists to incorporate "green thinking", like attention to life cycle analysis, into their experimental designs. An understanding of climate science topics is central to this way of thinking-as the production, transportation, use, and disposal of products and consumables negatively impacts the climate (largely via the accumulation of carbon dioxide). Therefore, there is a real need for applying environmental sustainability issues, and climate science concepts, to the student educational experience.
Though we have begun to see examples of sustainability (Timmer et al., 2018) , life cycle assessment (Guron, Paul, & Roeder, 2016) , and climate science (Chang, Pascua, & Ess, 2018) in the science education curriculum, not much attention has been given to implementing these topics into curricula for students with disabilities, and particularly, Deaf and Hard-of-Hearing (D/d/ HH) students. Interventions targeting students in the traditional classroom often do not work in the D/d/HH classroom (Ross, Yerrick, & Pagano, 2019) . On a side note, we chose the abbreviation 'D/d/HH' to respect Deaf culture and follow form that within the culture "identity-first" (as opposed to "people-first") language is often preferred. While records related to the education of the D/d/ HH community are well documented and go back to the 1800's, there is little research or evidence of how D/d/HH students respond to current curricular or pedagogical methods for teaching environmental concepts. Before developing strategies to teach these concepts, it is important to assess the current level of understanding that D/d/HH students might have on related topics, as well as their perceptions as to how they feel they can perform as cognizant members of society related to these issues.
We developed a survey to assess the knowledge and perceptions of D/d/HH students on climate science/climate change concepts and compared their results to a group of their hearing peers. We further assessed the performance of the survey (via Rasch analysis) to determine if our instrument was indeed measuring the knowledge that we intended. This analysis led to further iterations and refinement of the survey for use with D/d/ HH students. Related to this study, we developed a curricular intervention for the teaching of climate science concepts to D/d/ HH students (Ross et al., 2019) .
Educational Interventions for D/d/HH Students
It is well-known that communication, in the sense of the mode of information transfer from one individual to another (i.e. auditory, visual, etc.), is a key component of the educational process. Instructors often lecture and hearing students can hear the lectures and (hopefully) retain the information. D/d/ HH students do not always have access to this kind of direct communication as their hearing peers (Siegel, 2000) . D/d/HH students often rely on other modes, like through an interpreter or open-caption devices. As a result, D/d/HH students can miss critical pieces of information if the teaching and communication are not conducive to their learning and communication needs. For example, D/d/HH students can miss out on incidental learning opportunities-instances where individuals pick up knowledge from indirect/side conversations (perhaps between the instructor and one subgroup of students in the class). Such missed opportunities prevent information from reaching D/d/HH students (Hopper, 2011; King, 2017) .
Studies have compared educational performance between D/d/HH and hearing students (Gertz & Boudreault, 2016; Marschark, 2001 Marschark, , 2011 ; however, there is very little, if any, research that shows the gap specifically tied to environmental education. One project that was developed in an attempt to find another method of educating D/d/HH students within the field of climate science was a web-based instruction system (Saksiri & Suphajanya, 2010) . The method involved the use of 3D characters signing, in American Sign Language (ASL), as the main mode of communication. Their research showed that 75% of participants agreed that the climate science web-based instruction was easy to learn and efficient to use (Saksiri & Suphajanya, 2010) , but detailed statistics and comparisons to the performance of hearing peers were not given as part of the study.
Overall, the lack of information available related to the teaching of environmental sustainability issues (and particularly as it relates to climate science) for D/d/HH students, in combination with issues related to communication access for D/d/HH students, might create a gap in the understanding of environmental/sustainability topics among students. If such gaps exist, interventions could be established to remedy lack of understanding (or prevalence of misunderstandings) and improve the educational experience for D/d/ HH students.
PROJECT DESCRIPTION
A survey was developed to help determine if gaps in the understanding of sustainability and climate science issues among a group of D/d/HH students exists. This instrument also attempted to gain insights into students' levels of perceived confidence with these concepts and the amount of coursework that they have taken with environmental content. In total, 80 students at Rochester Institute of Technology (RIT, Rochester, NY) and the National Technical Institute for the Deaf (NTID, a college of RIT) anonymously completed the initial version of the survey. For consistency, only students who were science majors completed the survey. Coincidently, of the 80 students who took the survey, 40 were D/d/HH and 40 forty were hearing. We did not predict that the participants' demographics would be so evenly balanced in this regard, nor was this exact balance sought in our experimental design. Other indicators (number of courses with environmental content previously taken, type of high school attended, etc.) were not as balanced among demographic groups.
The survey content later went through multiple iterations/revisions to assure that it was valid and reliable. There were a total of four different survey versions; (i) the original (n=80 students), (ii) the first iteration with 10 more factual questions added (n=51 students), (iii) the second iteration with modifications to problematic multiple-choice options, a reduced Likert rating scale and additional demographic questions such as preference in signing (n=57 students), and lastly, (iv) the final survey with added self-assessed Reading ability and English course questions (n=55 students). We felt that our sample size (n=243 students for the entirety of the study) was sufficient for our general analyses. As the five factual questions in the original survey were the same in the multiple iterations (in addition to the 10 added factual questions); Rasch analysis showed that some of those five, as well as some of the additional 10 questions, may not have been worded in a way that accurately captured the understanding of some students. Therefore, a second, then third iteration of the survey were developed and completed with modifications to True/False phrasing, multiple-choice question options and additional demographic questions. While the original survey was aimed at determining whether differences in understanding might exist between hearing and D/d/HH student groups, the latter iterations were used to capture D/d/HH students' true understanding of concepts (with attention to English Language Learners, ELL). These results could inform the development of educational interventions and curriculum modifications.
Survey Development
The surveys consisted of general demographic questions (hearing or D/d/HH) and about previous schooling (type of secondary school, number of environmental related courses previously taken). It should be noted that there are different types of K-12 schools that D/d/HH students can attend. They can attend "mainstreamed" schools with their hearing peers (often using accommodation services) or they can attend classes at residential schools for the Deaf (either as a residential student or as a day school student) with other D/d/HH students and where teachers often sign for themselves. The survey also asked students to assess what they perceive their knowledge level to be regarding environmental sustainability and climate science concepts. Questions focused on how much the students felt that they knew regarding environmental sustainability, their ability to function as an informed member of society, and how many college courses they completed that included related environmental concepts. These questions allowed us to attempt to account for the level of education/ knowledge that a student might have previously had on related topics.
Factual questions on climate science were a central component of the survey. The questions were, in part, developed to test common misconceptions in the field. On the second and final iterations of the survey, students were asked what their communication preference was (ASL, signed English, or spoken) as well as which English course (level) they were taking at the time of the survey. These questions were added to help to determine if there were any biases in the factual questions given that some D/d/HH may respond as ELL and may be misrepresented if they chose answers based on what they understood the question to be asking in their non-primary language.
Data Collection and Analysis
After the surveys were completed, the demographic information and individual perception scales were tabulated and the factual questions on the survey were scored. Students were not identified using any personal identifiable information beyond assurance that students did not take the survey more than once. On the original survey data, differences in scores among groups (i.e. hearing/D/d/HH, school type) were analyzed using Analysis of Variance (ANOVA) with follow-up Tukey's HSD tests. Analysis of Covariance (ANCOVA) with follow-up Tukey's HSD tests were then used to assess group differences after correcting for the number of science courses taken. All statistical analyses were conducted using SAS version 9.4 statistical software (SAS Institute, Carey, NC) and significance level was set at P < 0.05.
Rasch Analysis
We wanted to take measures to assess whether the original instrument was valid and reliable, and thus utilized Rasch analysis for further investigation of the survey. Bond and Fox (2007) discuss how it is essential to ensure the quality of the survey question items as the psychometric properties of a sample population are assessed. The use of such an analysis tool provides a standard in the field of human sciences, to provide more rigor as assessment tools are developed in the field.
Within the use of measurement tools, Rasch analysis (Rasch, 1960) is useful for the human sciences (Bond & Fox, 2007; Boone, 2014; Rasch, 1960) , as it determines if questions asked (i.e. items) are appropriate through the comparison to a person's ability to answer the content-based questions. Rasch analysis allows for the iterative process of improving an assessment instrument so that the inherent items fit the targeted sample population. For example, if participants with the highest ability in a sample population cannot correctly answer certain items, then revisions of those test items are warranted. The revision of such questions, through the iterative process, leads to an enhanced and more reliable survey/instrument. A feature within Rasch analysis allows for Differential Item Functioning (DIF) evaluation. DIF evaluates whether or not there are significant differences between two groups' responses for certain items on a test/survey. If a significant difference in responses between certain groups exists (for example, students from different sociocultural backgrounds), then there is likely implicit bias within the item that needs to be addressed. We used DIF to help evaluate whether or not students' language abilities are influencing the Rasch scores and to provide more insight as to how we can modify the questions to better assess the climate science knowledge among the D/d/HH population (who often use ASL as their primary language of communication). The use of the DIF feature has been applied to other ELL groups in the literature, such as within the use of Spanish-speaking readers and in the state of Arizona for their ELL assessment test (Farrington, Lonigan, Phillips, Farver, & McDowell, 2015; Lawton, 2009; Reckase & Xu, 2015) .
Survey Modifications
After the initial 80-student cohort of survey takers, the second iteration of the survey targeted the minimum sample size of 50 participants from the Laboratory Science Technology (LST) program (Pagano, 2017; Pagano, Ross, & O'Neill, 2012; Pagano & Templeton, 2018) at RIT/NTID, along with some D/d/HH participants from outside the program. The LST program (a chemical technology program) has an average of 15 graduating students every year, so the expansion to other D/d/HH participants was necessary to achieve the sample size of 50+. We recognize that this expansion of subjects may result in some discrepancy in the Rasch analysis, but we were generally comfortable with this limitation, as the overall goal of the later iterations of the survey was to assess topical understanding within the D/d/HH student population. It is during the analysis of this dataset that the questions were reviewed for potential modification/elimination in the development of the improved survey instrument.
Based on data from the Rasch analysis, the original survey was modified to give the best multiple-choice answers possible and a smaller Likert scale range (i.e. 1-3, versus 1-10). The analysis also allowed for DIF to identify potential implicit bias in the survey questions. As a result, questions were asked in the final iteration of the survey reflecting the participants' communication style (ASL, simultaneous communication or no sign, or spoken) and the English/Reading class in which they were enrolled at the time they took the survey. These questions attempted to assess whether the language used in the survey was a reason for the lack of person reliability shown in the earlier version of the survey-such variance may be reflected in the D/d/HH population, as some may perform as ELL.
RESULTS AND DISCUSSION

The Original Survey
Along with demographic-related questions, two survey items in the original survey measured each participant's perception regarding their understanding of environmental sustainability and how well they believed they would function as an informed member of society pertaining to environmental sustainability issues. The survey's final section measured individual participant's actual knowledge within a specific area of environmental sustainability. The answers to each survey question were then scored to assess how students performed related to their understanding of certain climate science concepts.
When comparing how participants scored on the initial instrument, some gaps between hearing and D/d/HH students can be detected with regard to their understanding of factual concepts. We set out to determine if there were differences between groups in the following: 1) the effects of whether a participant was D/d/HH on the number of correct answers they scored on the survey ( Figure  1) ; 2) the effects of the type of school that the participants attended prior to college on the number of correct answers they scored ( Figure 2) ; 3) the effects of the type of school that the participants attended prior to college and their perception of current knowledge of Environmental Sustainability (Figure 3) ; and 4) the effect of the type of school the participants attended prior to college on their perceived ability to function as an informed member of society relating to environmental sustainability issues (Figure 4 ).
The following results are from the original instrument that surveyed a population of 80 total students. The comparison of hearing and D/d/HH students related to the number of factual questions answered correctly (out of five questions) showed some differences (shown in Figure 1 ).
The differences may be even more evident as the types of schools that the D/d/HH students attended are expanded. Figure 2 shows the difference between the hearing students and the D/d/HH students separated by whether they attended a "mainstreamed" school or took classes at a residential school for the Deaf. In addition to measuring the average score of each student on conceptual questions, we also analyzed the average value that students assigned to themselves based on their perceived knowledge of environmental-related issues (on a 10-point Likert scale). These results are shown in Figure 3 .
Taking into consideration the students' perceived knowledge with regards to environmental sustainability, it was also important to understand where they felt they fell on the same Likert scale in regard to how much they believe they can function as a contributing member of society in relation to these environmental issues. These results are shown in Figure 4 .
The impact of whether a hearing or D/d/ HH student would score differently on the instrument is the first piece of desired information− if there is truly a gap in how much students understand and learn related to climate science concepts. An analysis of the raw data from the original survey shows that hearing students scored approximately 3.9 correct answers on the survey (out of a total of 5 questions), while the D/d/HH participants scored approximately 3.0 correct answers (Figure 1 ). In addition, hearing students scored three or higher right answers 36 times compared to 27 times for the D/d/HH students (recall that each of these groups had an equal n=40 participants). This information demonstrates that 67.5% of the D/d/HH students scored 3 or more correct answers versus 90% of the hearing students achieving the same benchmark. Further, 12 of the 40 students within the hearing population scored a perfect score, compared to 5 out of the D/d/HH students. Coupled with this raw data, ANOVA analysis revealed a significant difference between hearing and D/d/ HH students and their survey scores (F 1,78 = 12.31, P = 0.0008). When correcting for the number of High School and College science courses the students had taken, ANCOVA analysis also showed a significant difference (Hearing or D/d/HH:F 1,76 =12.08, P = 0.0008; High School science courses: F 1,76 = 0.26, P = 0.6130; College science courses: F 1,76 = 0.43, P = 0.5148), further demonstrating that hearing participants scored higher than D/d/ HH participants.
Participants who identified themselves as D/d/HH were also asked to identify the type of education they received prior to arriving at college. Participants who identified themselves as hearing were instructed not to answer the question regarding the type of school they attended prior to college, as these students would not have attended a residential school for the Deaf. The results show that those participants who did not identify the type of school they attended prior to college scored significantly higher than those who identified themselves as being "mainstreamed" or took classes at residential schools for the Deaf (F 2,77 = 6.11, P = 0.003; Figure 2) , and the follow-up Tukey HSD test showed that "No answer" (hearing) is significantly higher than "mainstreamed" or residential school for the Deaf. ANCOVA analysis for the same comparison (school type) to take into account the number of high school and college science taken by each student found that participants who did not identify the type of school they attended prior to college scored significantly higher than participants who identified themselves as being "mainstreamed" or attending classes at residential schools for the Deaf (School type: F 2,75 = 6.03, P = 0.0037; High School science courses: F 1,76 = 0.29, P = 0.5932; College science courses: F 1,76 = 0.48, P = 0.4921). The Tukey HSD follow-up test confirmed that "No answer" (hearing) is significantly higher than "mainstreamed" or "residential school for the Deaf".
It is interesting to note that the D/d/HH "mainstreamed" group of participants reported slightly higher, though not statistically significant confidence in perceived knowledge of environmental concepts (F 2,77 =0.5163, P = 0.67; Figure 3 ), even though they generally scored lower on the number of correct answers they provided compared to the hearing group. This nonsignificant pattern was consistent even after correcting for High School science courses and College science courses taken (School type: F 2,75 = 0.82, P = 0.4454; High School college courses: F 1,75 = 4.64, P = 0.0344; College science courses: F 1,75 = 14.78, P = 0.0003). A more detailed study of whether the language used in the instrument could bias some of the data (as some D/d/HH students have been shown to perform similarly in reading and writing assessments to ELL) was conducted via Rasch analysis.
Rasch Analysis of the Surveys
The Rasch analysis of the surveys provides insight as to the language influence regarding the statistically significant difference between D/d/HH students and their hearing peers noted from the original survey. Throughout the survey assessments, the initial thought was to focus on the quality of the survey as a measurement of conceptual knowledge. However, the phrasing of questions (and multiple-choice options) against levels of students' English literacy was found to be potentially limiting to the true assessment of conceptual knowledge. Due to the phrasing of certain climate science questions on the initial survey, some D/d/HH students may have been instead tested on their interpretation of the question rather than on their climate science knowledge. As potentially ELL, some of these students may have been inadvertently tested on a second component: their English mastery. One of the questions in the demographic section of the improved survey asked which English course they were currently taking. The English course represented a DIF analysis of Rasch, and biases against their English literacy were found, largely for True/False questions.
Throughout the study we completed a total of three iterations of the survey, and in doing so, came to understand how the phrasing and the type of questions might distract from the main goal of assessing climate science knowledge. Future changes that need to be made to the survey include rephrasing multiple-choice questions, and perhaps, the avoidance of using True/False questions altogether. Through the Rasch analysis, we came to understand how the effectiveness of the survey might correspond to student English level. It is, therefore, important to think about how to phrase the questions so that students at each level of reading/English will be able to understand the content of what is being asked.
As the first three versions of the surveys were adapted, they were assessed using the Rasch method to measure the quality of the instrument. In summary, there was a lack of unidimensionality in these surveys, as some of the questions required some understanding of other science topics to deduce the correct answer, and as such, the interpretation of the remainder of the survey results should be framed with caution. As previously mentioned, the fact that students may not have interpreted the question correctly also impacts the lack of unidimensionality. In general, the final survey measured at a person reliability of 0.53 and an item reliability of 0.83. Thus, the item reliability is decent while the person reliability was not strong. As a result, closer analysis of the questions and implicit biases is warranted and more changes are needed to improve the survey.
When it came to the item and person-fit of the final survey, the Rasch model performed well. There were some questions that were revised, especially in the choices within the multiplechoice options. A limitation of this latter survey is that the sample population consisted of D/d/HH students beyond LST students, and some of those students did not necessarily have as strong science backgrounds as the LST students (LST students having 1.5 semesters of college science and perhaps being preconditioned to enter STEM fields).
As the survey was modified, we ascertained that more questions about the participants should be asked to clarify the biases that we had found in the DIF component of the Rasch analysis. The results were unclear as to what specific biases those items implied, so additional demographic questions (mostly related to English level and communication mode/preference were added to the final survey to help identify potential biases.
While the person reliability was not optimal, there is still value in the final survey since it was the first time we had asked questions regarding student English course level. Using DIF with the final survey version, we found that there were significant differences with some questions in student performance based on their English course level, shown in Table 1 . Each color grouping in Table 1 represents the factual question that revealed bias in reference to the students' reported English/Reading level (correlated English/ Reading related background questions asked are shown in column 1). Table 1 that out of the four incidences of questions that showed statistically significant differences between groups, three questions were relevant to the English course in which participants were enrolled, while the fourth instance was related to how the participants assessed their reading levels. Out of the four identified factual survey questions, three were True/False questions. As we continue to improve the survey, we plan to remove these True/False questions and replace them with multiple-choice (or other type) questions, since it seems those questions may be biased related to the students' literacy abilities.
Notice in
As might be expected, all four identified questions showed potential bias against students registered in lower English courses (when compared to groups of students in higher English courses). This type of literacy bias might also be expected of general ELL groups. However, in one instance of a potentially biased question related to English course level, the Rasch analysis identified a second occurrence of bias against a group that was in a higher level English course than the group for which it identified as being potentially biased in favor (Critical Reading and Writing is considered a higher level course than Written Communication in the NTID English course sequence). These two courses, however, are back-to-back/ sequential in the English course sequence. Therefore, in cases like this (and with these sample sizes), Rasch may not be able to accurately differentiate English levels of students enrolled in similar level courses. Further, the discrepancy could be due to the fact that the student sample population was not uniform in majors (not all students were science majors-even if in lower English courses, science majors might have the content background to answer the question correctly). As for the remaining multiple-choice question, the multiple-choice frequency table showed that while the correct choice was often chosen by survey participants, the next highest multiple-choice question chosen was phrased very similarly to the correct choice. As a result, the multiple-choice options may warrant rephrasing.
The goal of the survey is not to "penalize" students for literacy challenges (or bias against potential ELL), but rather to measure the amount of knowledge a participant understands regarding climate science. Therefore, English/literacy level of audiences should be taken into consideration when similar assessment tools are developed. And as there is a need for improvement in the quality of measurement tools in education (Bond & Fox, 2007 ), the Rasch model provides an accessible method for the development of such instruments.
CONCLUSION
Analysis of the original survey showed that hearing participants scored higher on the survey's factual questions than did their D/d/HH counterparts. An additional aspect of the survey was related to the participants self-assessment of their knowledge of environmental sustainability issues and their self-assessment of their abilities to function as informed members of society. Lastly, Rasch analyses showed that the phrasing on some questions of the survey might have demonstrated bias against some ASL-primary D/d/HH learners.
Addressing literacy backgrounds of the students may be important in assuring that the instruments used are indeed sufficient in assessing the climate science knowledge, rather than the participants' literacy level. In the United States population, students who are primary ASL users is not as large as the group of users of other languages (i.e. Spanish), and therefore, may not be taken into consideration during the development of English-based standardized test/surveys. It is important to recognize that the phrasing of questions on surveys and standardized testing can potentially mislead a unique population, like some D/d/HH students, hence the results from surveys might misrepresent their content knowledge. However, as the appreciation of assessing the quality of developed surveys/tests grows, more accurate representations of subject-specific content gaps can be revealed, which in turn can lead to more effective interventions.
Based on this work, we recommend focusing on several main areas in order to improve some of the potential gaps in understanding among some D/d/HH students. First, there is a need to develop more tools for incorporating environmental sustainability and climate science into college science courses. Importantly, this entails incorporating knowledge about D/d/HH educational needs and environmental education into the current science curriculum. Finally, there is a need for better understanding of language influences regarding D/d/HH and ELL students related to impacts on their learning and demonstration of obtained knowledge.
